A 62-year-old male with a history of alcohol abuse was admitted with a headache and rapidly progressing altered consciousness that led to coma over several hours. Blood and cerebrospinal fluid cultures were positive for Edwardsiella tarda. Despite prompt treatment initiation, the patient died on the third hospital day. Autopsy showed meningitis of the entire cerebrum with ventriculitis, and alcoholic fatty liver was observed. Clinicians should be cognizant of E. tarda meningoencephalitis, a rare presentation which can be associated with poor outcomes in patients with excessive alcohol consumption and alcoholic liver disease.
Introduction
Edwardsiella tarda is an anaerobic gram-negative bacillus associated with freshwater environments and animals. While E. tarda infections usually present with gastroenteritis, they can occasionally lead to bacteremia or septicemia that is often fatal in patients with alcoholic liver disease [1, 2] . However, E. tarda has rarely been reported to cause bacterial meningitis [3] [4] [5] . We herein present the autopsy case of a patient with bacterial meningitis caused by E. tarda, which was fatal.
Case Presentation
A 62-year-old male progressing from headache and altered behavior to altered consciousness and stupor over several hours was admitted to our hospital. His medical history included excessive alcohol intake of approximately 800 g per week for a minimum of 20 years, and he indicated that he often cooked fish himself using an electric heater while consuming alcohol. He also had a pet turtle in his bedroom. He also had a history of pneumonia which was successfully treated 10 years ago and macrocytic anemia which was noted during a routine medical health screening.
On admission, his vital signs were as follows: body temperature, 39°C; pulse rate, 120 beats per minute; and blood pressure, 142/65 mm Hg. He was confused, could not follow verbal commands, and exhibited neck stiffness. His pupils were round, 3 mm in diameter, and his light reflex was sluggish. Roving eye movements were observed. There was no obvious weakness in his extremities, and he did not have a positive Babinski sign.
Cranial computed tomography images showed a small hematoma with perifocal edema at the trigone of the left lateral ventricle (Fig. 1) . Laboratory test results were as follows: white blood cells, 12,200/mL; platelets, 6.9 × 10 4 /mL; red blood cells, 313 × 10 4 /mL; mean red blood cell volume, 109.9 fL; hemoglobin, 12.4 mg/dL; C-reactive protein, 15.0 mg/dL; aspartate aminotransferase, 1,047 IU/L; alanine aminotransferase, 203 IU/L; γ-glutamyl transpeptidase, 547 IU/L; blood urea nitrogen, 29.4 mg/dL; and creatinine, 2.25 mg/dL. Examination of the cerebrospinal fluid (CSF) revealed a bloody appearance, with an opening pressure of 100 mm H2O, a cell count of 2,683/µL with only polymorphonuclear cells, a protein concentration of 1,165 mg/dL, and a glucose concentration of 0 mg/dL. CSF Gram stain revealed many gramnegative bacilli which were phagocytosed by the polymorphonuclear leukocytes (Fig. 1b) . Blood and CSF cultures were positive for E. tarda, which was susceptible to several antibiotics including meropenem. The definitive diagnosis was meningoencephalitis due to E. tarda infection. The patient was initiated on intravenous dexamethasone at 0.15 mg/kg, followed by 2 g meropenem every 12 h. Eight hours after admission, his blood pressure declined, and intravenous continuous infusion of dopamine was started; however, the blood pressure did not increase sufficiently. Nine hours after admission, the patient developed general tonic seizures, bilateral mydriasis with no light reflex, and an abnormal eye position without oculocephalic reflex. His consciousness deteriorated to deep coma, and 375 mg fosphenytoin sodium hydrate was initiated. The CSF examination on the second hospitalization day revealed a cell count of 864/µL which included only polymorphonuclear leukocytes. Despite the reduction in the CSF cell count, the patient never regained consciousness and died from cardiopulmonary arrest despite resuscitation on the third hospitalization day.
Pathological Findings
Postmortem autopsy was performed 16 h after the death of the patient. The cerebrum weighed 1,350 g. Macroscopically, pus was observed to cover the entire arachnoid space (Fig.  2a) . Sectioning of the cerebrum and the brainstem revealed oozing in the cortex, the subependymal zone of the lateral ventricles (Fig. 2b) , and the tegmentum of the midbrain and the cerebellar cortex (Fig. 2c) . Microscopic evaluation revealed inflammatory cell infiltration in the subarachnoid space of the cerebral sulcus ( Fig. 3a) and the choroid plexus ( Fig. 3b) as well as ventriculitis. Purulent diverticulitis was observed at the ascending colon with severe inflammatory involvement of the colonic wall (Fig. 3b) , and alcoholic fatty liver disease was also present (Fig. 3d ).
Discussion
This patient had a long history of alcohol consumption and presented with a deterioration of consciousness that progressed to deep coma over several hours. He was diagnosed with bacterial meningitis complicated with sepsis due to E. tarda infection, which followed a fatal course, and the patient died on the third hospital day despite prompt treatment initiation. The autopsy revealed bacterial meningoencephalitis accompanied by ventriculitis in addition to the alcoholic liver disease.
Bacterial meningitis, the inflammation within the subarachnoid space between the arachnoid and the pia mater, follows a fatal course in 15-25% of the cases. Globally as well as in Japan, more than 80% of the bacterial causes of meningitis are Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influenzae [6, 7] . E. tarda, which caused meningitis in the present case, is a motile, anaerobic, gram-negative bacillus that is typically isolated from fresh or brackish water [1, 2] . E. tarda generally causes gastroenteritis and is less frequently reported as an etiological agent of extraintestinal infections that often present as septicemia; other presentations include endocarditis, empyema, hepatobiliary infection, peritonitis, intraabdominal abscess, osteomyelitis, and wound infections [1] . Bacterial meningitis due to E. tarda has been reported in only a few cases [3] [4] [5] (Table 1) . Sonnenwirth and Kallus [3] reported the case of a 36-year-old female who was on steroid therapy for idiopathic thrombocytopenic purpura and systemic lupus erythematosus. The patient developed high fever, nausea, and vomiting, which were followed by mental confusion, and CSF culture was positive for E. tarda. Tateno [4] reported the case of a 78-year-old male with E. tarda meningitis after consuming raw freshwater fish. Okubadejo and Alausa [5] reported a neonate who developed symptoms 10 days after normal birth and was diagnosed with E. tarda meningitis. All but one of the previously reported patients with E. tarda meningitis died. These cases highlight that, albeit rare, E. tarda meningitis has an extremely poor outcome, which should be recognized by clinicians.
There are 2 factors that might underlie E. tarda infection: route of exposure and the immune status of the patient. First, dietary factors, i.e., consumption of raw fish or meat, and environmental factors, i.e., brackish water, were reported to be involved in 10.4 and 12.9%, respectively, of the reported cases with E. tarda bacteremia [2] . Contact with a pet turtle was also reported to be associated with E. tarda infection [8] . Additionally, patients infected with E. tarda are often immunocompromised due to various reasons, such as oral steroid intake, diabetes mellitus, malignancy, alcoholic liver cirrhosis [1, 2] , and alcoholism [2] . In the current case, there are several possible routes of transmission for E. tarda, including consumption of undercooked fish and handling the pet turtle. The organisms might have entered the bloodstream of the patient via the purulent diverticulitis lesion observed during the autopsy, with subsequent septicemia due to excessive alcohol use.
The choice of antibiotics for bacterial meningitis is a critical decision that is based on the patient's background and the antimicrobial susceptibility of the causative organism. Considering the empirical choice of antibiotics for the bacterial meningitis in the present case, patients over the age of 50 years with alcohol abuse should be started on meropenem and vancomycin for Streptococcus pneumonia and Listeria monocytogenes as the most likely causative organisms [7, 9] . Conversely, most antibacterial agents that target gram-negative bacteria, including β-lactam antibiotics, cephalosporins, and aminoglycosides, except for colistin, were reported to show efficacy against E. tarda. In patients with extraintestinal E. tarda infections, antibiotic combinations, such as cephalosporins plus aminoglycosides, have been used [1] . In the present case, vancomycin was not considered in addition to the initial antimicrobial therapy with meropenem which was assessed as effective based on the decreased CSF cell count.
The neuropathological findings of bacterial meningitis include massive brain edema, congested leptomeninges, and disseminated bleeding without pus formation in less than 24 h, whereas pus formation and cloudy meninges manifest 48 h or more after the disease onset. Microscopically, inflamed meninges are observed, with the presence of neutrophils, some containing phagocytosed bacteria and others intermingling with bacteria in the subarachnoid space. The meningeal inflammation may develop into ventriculitis in severe cases [6] . The neuropathological findings of the current case corresponded to the pathological findings around 3 days after the onset of bacterial meningitis. Ventriculitis might be associated with severe meningeal inflammation caused by the E. tarda infection.
A study reported that 5 of 13 patients with infectious meningitis accompanied by ventriculitis that was confirmed by magnetic resonance imaging died [10] . The overall mortality rate with E. tarda bacteremia ranges from 44.6 to approximately 50% [1, 2] , and a literature review found that liver cirrhosis was an independent risk factor for death in E. tarda bacteremia [2] . The present case developed meningitis with ventriculitis and E. tarda bacteremia, which were accompanied by alcoholic liver disease that was confirmed during autopsy. These factors might have contributed to the fatal outcome in the current patient.
We presented the case of a patient with bacterial meningoencephalitis due to E. tarda infection, which may have been related to excessive alcohol consumption and being in contact with a pet reptile. E. tarda should be considered as a rare causative organism in suspicious bacterial meningitis in immunocompromised patients with pet reptiles, and patients should be started on appropriate antibiotics without delay. Meningoencephalitis of the entire cerebrum accompanied by ventriculitis in the current patient with alcoholic liver disease confirmed during autopsy might have contributed to the fatal outcome. Public health initiatives should also consider instructions for individuals consuming excessive alcohol to avoid keeping pet animals inhabiting freshwater environments, with the goal of preventing E. tarda infections that are often fatal. 
